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Abstract: This paper presents the need and importance of usability engineering, usability-related facts and figures, and a total of eleven usability analysis methods.
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1.Introduction
The emergence of usability engineering is deeply embedded in the discipline of human factors.  The importance of usability/human factors in the design of engineering products may be traced back to 1901 in the Army Signal Corps contract document for the development of the Wright Brothers’ Airplane; it clearly stated that the aircraft be “Simple to operate and maintain” [1]. Usability engineering is an effective approach to product development and is specifically based on customer feedback and data.  Today, billions of dollars are being spent annually to produce new products using modern technologies.  The usability of these products has become more important than ever before because of their increasing complexity, sophistication, and non-specialist users. For example, over 30% of all software development projects are cancelled before completion primarily because of inadequate user design inputs; resulting in a loss of over $100 billion annually to the United States economy.  Moreover, some studies indicate that 80% of product maintenance is due to unmet or unforeseen user requirements. The key challenge in designing new products using modern technologies is how best to take advantage of potential users’ skills in creating the most effective work environment; this may simply be called the usability engineering challenge.
2. Facts and Figures

Some of the facts and figures directly or indirectly concerned with product usability are as follows:

· It costs approximately $100 billion annually in lost productivity to American businesses because office workers “futz” with their machines an average of 5.1 hours per week [2].
· Over $500 billion is spent annually on items such as computers, networks, and information technology in the United States with a resulting loss in productivity [3].
· It is estimated that an average software program contains around 40 design flaws that impair workers’ ability to use it effectively [3].
· User interface accounts for 47% - 60% of the lines of system or application code [4].
· A study reported that operator error accounts for over 50% of all technical medical equipment problems [5].
· A usability study conducted at Ford Motor Company revealed that relevant design changes resulted in the reduction of number of calls to the helpline from an average of three to none with the estimated savings of $100,000 [6].
· A study reported that 63% of all software projects overran their predicted costs, with the top four principal reasons all related to usability [7].
· Over 33% - 50% reduction in the product development cycle has occurred with the application of usability engineering principles [8].
· A study conducted by the American Airlines revealed that catching a usability-related problem early in the design can decrease the cost of rectifying it by 60% to 90% [9 – 11].
· Center for Devices and Radiological Health (CDRH) of Food and Drug Administration (FDA) reported that approximately 60% of the deaths or serious injuries associated with medical devices were due to user error [12].
· A study reported that in ergonomically Designed Office Equipment absenteeism dropped from 4% to slightly greater than 1% [13].
· A study reported that because computers are often difficult to use, organizations frequently provide around $3150 worth of technical support for each and every user of the equipment [14].
· Web usability is improving somewhere between 2% and 8% each year [15].
· A study revealed that the training time for new users of a standard personal computer was around 21 hours as opposed to only 11 hours for users of a more usable computer machine [16].
· A study reported that a usability-engineering product achieved 80% higher revenues than the first release developed without considerations to usability engineering principles [10, 17].
· A study reported that usability-related design changes at International Business Machines (IBM) resulted in the reduction of 9.6 minutes per task; translating into a projected internal savings of $6.8 million for the entire organization for the year 1991 alone [18].
· It is estimated that approximately 80% of software maintenance cost is due to unforeseen/unmet user needs [19].
3. Usability Analysis Methods

Over the years many methods or techniques have been developed to perform various types of product usability analysis. The most useful product usability analysis methods are presented below [20-32].

3.1 Task Analysis

This method is largely used during the specification phase of product design.  Task analysis may simply be defined as the study of what a user of a product is expected to do with respect to actions and/or cognitive processes, to achieve a task objective effectively [20].  In general, it may be added that the term “task analysis” refers to a methodology that can be performed by using many specific techniques.  These techniques are basically used to evaluate the interactions between the humans (users) and the products.
Task analysis helps to break down the techniques for carrying out tasks with a product under consideration into a series of steps.  Consequently, the techniques can be used to predict whether the performance of tasks in question will be easy or difficult as well as the degree of effort likely to be required.  The result of basic task analyses provides a list of the physical steps the user must perform effectively to complete a specific task.  However, complex task analyses also take into consideration the cognitive steps associated with a task.
The number of steps required to accomplish a task, may be considered as an elementary measure of task complexity.  It may simply be interpreted as the fewer the steps, the simpler the task.

Individuals such as potential product users, experienced product designers, and domain experts can be quite valuable informants in performing task analysis.  Some of the advantages and disadvantages of task analysis are as follows [20]:
Advantages
· Useful with respect to prescribing potential solutions to usability-related problems.

· Requires the investigator to follow a specific procedure because of standardization of task analysis notations.

· Useful to identify the product’s design that causes the inconsistencies.

Disadvantages
· The assumption of “expert” performance with the system in question.

· Problems with the measure of task complexity (i.e., simply counting the number of steps involved in performing a task).
3.2 Cognitive Walkthroughs

These are an approach that can be used to evaluate prototype products or systems.  The basic idea behind this method is that first talk through the operation of an interface with individuals and then highlight problems with that system.  Usually, the method incorporates check-lists for use by developers to identify possible problems with an interface.  This essentially gives a framework to developers for use in checking the system from a cognitive perspective.  The framework addresses issues such as follows [21]:
· Assumptions with respect to user knowledge.

· Actions to be taken by users at each point in an interaction.

· The linking of the interface object components to the actions to be taken by users.

For an effective application of this method, it is essential to have a clear understanding of the potential users’ characteristics.

Some of the advantages and disadvantages of cognitive walkthroughs are as follows [20]:
Advantages
· Useful to understand the user’s environment.

· Relatively quick to administer and lead directly to diagnostic and prescriptive information.

· Useful to facilitate communication among design personnel, in particular when they are divided into requirement analysts and developers.

Disadvantages
· A high degree of reliance on the judgement of the involved investigator.

· Lack of guidance in selecting appropriate tasks for evaluation.

3.3 Kansei Engineering

This is a product development method that takes into consideration the desirable features of products as perceived by their end users.  Usually, Kansei engineering is used roughly in the middle of the design process, i.e., prior to the writing of the user interface  specification and after the defining of the information architecture.

The terms “Kansei” means psychological feeling or image of a product in Japanese.  Thus, Kansei engineering simply refers to the translation of users’ psychological feelings about a product into perceptual design components.  Occasionally, Kansei engineering is also referred to as “emotional usability” or “sensory engineering”.  Nonetheless, Kansei engineering involves developing a database of the keywords representing the feelings of users toward products, and then these are utilized to develop scales.  In turn, the scales are used to evaluate products.  Subsequently, various factor analysis approaches are employed to highlight those specific features of product designs that correlate with the feelings of product users.

Kansei engineering has been successfully applied to the design of items such as cars, construction vehicles, houses, and costumes in various countries including Japan and the United States [22-24].

3.4 Property Checklist

This method basically lists a series of product design properties as per accepted human factors “wisdom” that will ensure that a product under consideration is usable.  Normally, the checklists state the high-level properties of usable design including consistency, compatibility, and good feedback [20].  Subsequently, they (checklists) list low-level design issues relating to these properties.  Some example of these issues could be the height of characters on a computer screen, on labels on products, and specifying the display and control position.


The basic idea behind the property checklist approach is to determine if the product design conforms to the listed properties.  If it does not, tasks appropriate corrective measures to avoid usability-related potential problems.  Some of the advantages and disadvantages of this method are as follows [20]:  

Advantages

· Useful to preserve confidentiality because it does not involves user participants.

· It can lead directly to design solutions.

· It can be applied throughout the design process and even in the evaluation of finished products.

Disadvantages

· It is subject to the judgement of the individual compiling the checklist in the first place.

· The effectiveness of its actual application is dependent on the accuracy of judgement of the individual using it.
3.5 Expert Appraisals

This method is based upon the opinions of an expert with respect to product usability.  The expert possesses an extensive experience, particularly with usability-related issues, with the product under consideration.  The method may cover similar issues to the ones covered by the property checklist approach, but in a greater depth.  The main reason for this being that the knowledge of the expert allows him/her to focus on really important issues in a particular context.  Sometimes this method uses more than one expert.  Some of the advantages and disadvantages of the method are as follows [20]:
Advantages

· No user participants are needed.

· A useful approach for providing diagnostic and prescriptive analysis.

· It can lead directly to design solutions.

Disadvantages

· Total reliance on expert judgement.

· No direct evidence from users that the usability problems as identified by the expert will actually lead to problems.
3.6 Co-operative Evaluation

     This method can be used during the early prototyping stages o product design on at a later stage when an existing product is to be developed further.  The method evaluates interfaces based on the use of verbal protocols with users performing specified tasks under designer’s observation.  More specifically, the tasks are selected by the designer and then he/she observes the user’s problems in operating the system under study.  The method is designed to highlight usability-related problems with early product prototypes and to assist in the design refining process.  

Some of the main benefits and limitations of the method are as follows:

Benefits
· Useful to detect usability problems early in the design process.

· Useful to improve communication between designers and users.

· The method can be used by personnel with little or no training in human factors.

Limitations
· Unsuitable for the very early phases of design.

· Unsuitable for calculating performance data.

· Large amount of data can be quite time consuming to analyze.
This method is described in detail in Refs.[16,32}.

3.7 Cause and Effect Diagram (CAED)

This method was developed by Professor K. Ishikawa of Tokyo University in the 1950s for use in quality control work.  It can also be used to study usability-related problems.  CAED is also known as Ishikawa diagram or “fishbone diagram” because of its resemblance to the skeleton of a fish.   The right hand side of the diagram (i.e., the Fish Head) denotes effect and the left hand side all the possible causes which are connected to the central line known as the “Fish Spine” [30].
The main objective of this method is to act as a first step in problem solving by generating a comprehensive list of potential causes.  In turn, this can result in identification of major causes and thus possible remedial measures.  At a minimum, the application of the CAED approach will result in better understanding of the problem under consideration. The application of this method is demonstrated in Ref. [32].
3.8 Probability Tree Analysis

This can be a good method for conducting usability-related task analysis by diagrammatically representing human actions and other related events in question.   Diagrammatic task analysis is represented by the branches of the probability tree.  More specifically, the branching limbs of the tree represent the outcome of each event (i.e., success or failure) and each branch is assigned probability of occurrence [25].

Some of the advantages of the probability tree analysis approach are flexibility to incorporate (i.e., with some modifications) factors such as emotional stress, interaction stress, interaction effects, a visibility tool, and simplified mathematical computations. The application of this method to a usability problem is demonstrated in Ref. [32].

3.9 Failure Modes and Effect Analysis (FMEA)

This is a very versatile method used widely in the industrial sector to analyze systems from reliability and safety aspects during the design phase.  After some minor changes, the method can also be used to perform usability analysis of engineering products during the design phase.

FMEA may simply be described as a very effective approach for performing analysis of each and every potential failure mode in the system to determine effects of such modes on the total system [26].  The method was developed in the early 1950s by the United States Navy’s Bureau of Aeronautics [27]. 

Subsequently, National Aeronautics and Space Administration (NASA) extended it to classify each potential failure effect according to its severity and renamed it: failure mode effects and criticality analysis (FMECA) [27].
Major steps involved in performing FMEA are as follows [28]:

· Establish system boundaries and detailed requirements.

· List all system subsystems and components.
· Identify and describe each component and list its all possible failure modes.

· Assign occurrence probability/failure rate to each failure mode.

· List effect(s) of each failure mode on subsystem/system/plant.

· Enter appropriate remarks for each identified failure mode.
· Review all critical failure modes carefully and take appropriate action.

Some of the advantages of performing FMEA are reduction in cost and development time, better customer satisfaction, reduction in engineering changes, 
better communication among design interface personnel, identification of safety concerns to be focused on, a 
systematic approach to classify failures, and useful to compare alternative designs [29].

3.10 Fault Tree Analysis (FTA)

This method was developed in the early 1960s at the Bell Telephone Laboratories to conduct safety analysis of the Minuteman Launch Control System.  Today it is widely used in industry to evaluate reliability and safety of engineering systems during the design and development phase.  FTA can also be used to perform usability analysis of engineering products during the design phase.


A fault tree may simply be described as a logical representation of the relationship of basic events that may cause the occurrence of a specified desirable event, called the “Top Event” and is depicted using a tree structure with gates such as AND and OR.  Four commonly used symbols in the construction of fault trees are shown in Fig.1 [28-31].
Each of these symbols is described below.

· AND gate.  This denotes that an output fault event occurs only if all the input fault events occur.
· OR gate.  This denotes that an output fault event occurs if any one or more input fault events occur.
· Rectangle.  This denotes a fault event that results from the logical       combination of 
      fault events through   the input of a logic      gate such as AND   and OR.   

· Circle.  This denotes a basic fault event or the failure of an elementary component. The values of the basic event’s parameters such as occurrence probability and occurrence rate are usually obtained from empirical data.
The method is described in detail in Ref. [30].

Example 1

After a careful investigation, it was concluded that a product under design can have usability problems due to known basic factors:  poor design and poorly written use procedures.  In turn, the causes for the poor design are poor consideration to human factors, poor design management, too short development time, and poorly trained design professionals.  Similarly, the causes for the poorly written use procedures are poorly trained documentation personnel, poor management, and carelessness.

Develop a fault tree for the top event “product usability problem” by using Fig. 1 symbols.

A fault tree for the example is shown in Fig. 2.  The single capital alphabet letters in the figure denote corresponding fault events (e.g., A:  poor consideration to human factors and B:  poorly trained design professionals).
3.11 Markov Method
     This is a widely used method in reliability and safety studies and it can also be used to perform various types of usability analysis during the design phase.  The method is known after a Russian mathematician named Andrei Andreyevich Markov (1856 – 1922) and is based on number of assumptions as stated in Ref. [30]. 
The application of this method to a usability problem is demonstrated through the following example:
Example 2
Assume that the usability related difficulties associated with a system under design may be classified into two distinct categories:  user error and user problem.  The user error and problem rates are denoted by λ and (, respectively.  The system state space diagram is shown in Fig. 3 the numerals in the box, circle, and diamond denote system states.  Develop expressions for system reliability, probability of user error, probability of user problem, and mean time to user error or problem by using the Markov method.

Using the Markov method, we obtain the following state probability equations [30]:
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Where Pi(t) is the probability that the system is in state i at  time t; for i = 0 (system without user error), i = 1 (system user committed an error), and i = 2 (user having problems to operate the system).

Mean time to system having user error or problem is given by
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where



MTTSHUEP
is the mean time to system having user error or problem.


Example 3

Assume that a user operating an engineering system makes 0.0004 errors/hour and has 0.0009 hourly usability-related problems.  Calculate the mean time to system having user error or problem.
     By substituting the given data values into Equation (4) yields
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Thus, the mean time to system having user error or problem is 769.23 hours.

4. Conclusion
This paper has presented a total of eleven methods for performing various types of product 
usability analysis. It is contended that this study will be useful to produce user-friendly products.
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Fig. 1  Basic fault tree symbols: (a) AND gate, (b) OR gate, 


  (c) rectangle, (d) circle
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Fig. 2 A fault tree for Example 1
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Fig. 3 System state space diagram
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